Introduction
agrees with other studies on the reproducibility of ABPI measurement. 6, 7 This intra-observer variability In the diagnosis of PAOD, general practitioners (GPs) means that the difference between two measurements of the same patient by the same observer should be often have to rely on history-taking and physical examination. 1, 2 The introduction of a hand-held Doppler at least 29%, in order to have an 95% certainty that this difference is not due to intra-observer error. With device makes it possible to determine the severity of PAOD in a quantitative manner by measuring the a degree of certainty of 80% the difference should be at least 19%. ankle-brachial systolic pressure index (ABPI). 3 PAOD can be detected at an early, even asymptomatic, stage
In the present study we investigated the intraobserver variability of the ABPI measurement by using of the disease. It has been established that PAOD is a strong predictor of morbidity and mortality from other random-zero sphygmomanometers. The influence of experience was studied by comparing the recardiovascular disease. Early and reliable diagnosis of PAOD is important, in order to detect patients at risk producibility of experienced vascular laboratory assistants with less experienced GPs and practice and take effective preventive measurements. 4 In a previous study, we determined the observer assistants. variability of the ABPI measurement with a pocket Doppler device in a group of GPs and their assistants who participated in the Limburg PAOD study. 5 In that Materials and methods study we derived an estimate of the intra-observer variability of 10.5% from a statistical model which Design
In order to measure the intra-observer variability in a * Please address all correspondence to: V. Kaiser, Department of direct manner, we had to achieve independence be- observer on the same patients. To avoid a large bio-right arm. The ABPI was defined as the systolic pressure of the posterior tibial artery at the ankle divided logical effect, the measurements had to take place in a short time-interval. Therefore, patients were measured by the highest systolic arm pressure expressed as a percentage. If there was no signal at the posterior tibial twice by the same observer on one evening session, using random-zero sphygmomanometers which were artery the dorsalis pedis artery was measured.
The random-zero sphygmomanometers were used reset between the observation rounds.
The measurements took place in the ''Skillslab'', in order to achieve independency between two consecutive measurements by one observer. The zero point Faculty of Medicine at Maastricht University in a time period of six weeks, in six evening sessions. The of the manometer, which was blinded for the observer during the whole procedure, was reset before the patients were the same at all sessions.
repeat measurements. By using this procedure the random-zero meter could be used as an ordinary sphygmomanometer, but the observers were unaware Patients of the real pressure they were measuring during the tests. Three male and three female patients, aged 49-79, participated in the study. They were selected from patients registered at the Vascular Laboratory of the Maastricht University Hospital. Patients had either symptoms of intermittent claudication or an ABPI Statistical Analysis <95% at one or both legs, thus representing the type of patients a GP would see in daily practice.
The ABPI variation can be attributed to different sources of variation: short-term and long-term biological variation, systematic measurement variation between observers, and remaining variation. In statObservers istical terms, factors in the design were: Day, Patient, Leg, Observer and Repeat, where, Leg was nested in Twenty-six observers (18 GP practice assistants, six
Patient. The Repeat effect represents the influence of GPs and two vascular laboratory assistants) parresetting the random-zero sphygmomanometer beticipated in the study.
tween the two observation rounds. Since each patient On the basis of their experience in measuring the had one manometer assigned to him or her, it rep-ABPI the observers were divided into two groups: resents short-time biologic variation as well, and the experienced and less experienced. The experienced factor Repeat was nested in Patient by Day. Not to observers (two vascular laboratory assistants) measure complicate the analysis further, we refrained from more than 10 ABPI in a week, less experienced (six GPs, estimating the between-day biologic variation and thus eighteen assistants) 5-15 in a month. Each observer estimated Leg by Day as a fixed effect. Furthermore, participated in one evening session, except for the we treated the measurement errors of the VL assistants Vascular Laboratory (VL) assistants, who participated -the only observers to contribute on more than one each evening.
day -as independent between days. Therefore, ObThe observers were unaware of any detail of the server was nested in Day. 
Measurements
In order to analyse the difference between most-and less-experienced observers, we introduced separate All observers measured three patients twice, the second time in a different order. The patients were lying components for the last two factors per experience category. Since each patient was observed by no more supine in separate, heated rooms. Before the examination they rested for 10 minutes.
than one VL assistant, however, the component for Observer could not be estimated and was set to zero. All Pocket Doppler devices (8 Mhz, Hundleigh D500) and random-zero sphygmomanometers (Hawksley & variance components were estimated simultaneously using the restricted maximum-likelihood algorithm Son Ltd, Lancing, Surrey, U.K.) were used to measure both the ankle and the arm systolic blood pressure in available in BMDP 5V. 9 ,10 Differences of variances were tested using the likelihood-ratio test. the following order: left arm, left foot, right foot and components for left and right legs, it appeared that The difference between experience categories of components 3 and the residual variance was mainly due to the right legs' 4 is significant (p=0.02). measurements, the difference oof the variances of right and left legs being significant (p<0.001). We could also Results show that this difference itself was smaller for mostexperienced observers than for less-experienced (p= In one measurement, the ABPI was more than 100% 0.035). lower than its repeat by the same observer. This could have been a registration error with interchanged arm and ankle measurements, though further evidence of this was not found. Nevertheless, this value was Discussion considered unrealistically low and omitted from the analysis. Together with a few missing values, this The intra-observer variability of the ABPI measurement was our main study focus. In the single-observer meant that there were 354 measurements out of a possible 360. The range in mean ABPI was from 60 to situation, as is usual in the clinical evaluation of PAOD patients, this is of special interest. Our estimate of the 136%. Averages for each leg over all observation days are given in Table 1 .
intra-observer variability of 11.8% for ABPI measurements is higher than reported by Buth (6.5%).
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In the analysis of the variance components, it turned out that the estimates for Observer by Patient and for Fowkes made a distinction of a variability in diseased (7.2%) and in normal subjects (10.4%). 7 Buth, in contrast Repeat by Leg were very small and non-significant. We assumed these components to be zero, as well as with Fowkes, did not mention whether the consecutive measurements were as independent as we have the component for Repeat by Observer in the mostexperienced category, which came out slightly neg-achieved using random-zero manometers which may have introduced some bias in the direction of a lower ative. Table 2 gives the estimated variances for each factor. The large variance due to the Repeat effect was variability.
The difference in intra-observer variability between unexpected. Apparently, resetting the random-zero sphygmomanometers and/or the elapsed time (short-the experienced and less-experienced observers was significant. The vascular laboratory assistants measure time biologic variability) had an effect on the measurement of the ABPI. There was, however, no significant ABPI more than twice a day. In contrast to this, the GPs and practice assistants measure 2-4 times a week. A remarkable finding was the difference of variability for right and left legs. Fowkes found a similar difference Gain in experience can decrease in intra-observer variability.
and suggested the difficulty of different measurement techniques due to the position of the patient and the Although we introduced the random-zero sphygmomanometer in our study to ensure in-position of the hand of the observer between left and right legs as a part of the explanation. 7 The smaller dependent consecutive measurements within observers, we found a large effect on the variance due difference of variance estimates between right and left legs for more experienced observers may support this to the ''repeat effect''. There was no significant relation, however, between the differences in ABPI explanation.
There are no published data available on the changes (first minus second measurement of one observer) and differences in offset (starting zero point) of the in reproducibility of the ABPI in the same observers over time. The estimate from our present study is manometers. The random-zero sphygmomanometer has shown some inaccuracy in repeated readings only slightly higher than the predicted 10.5% intraobserver variability in our former reproducibility by underestimating systolic pressure readings with 2-4 mmHg compared with a standard sphygmo-study. 5 In that study there was no large difference in experience between the participating observers. The manometer. In the determination of the ABPI the systolic pressures of arm and leg are divided and participating general practice assistants and GPs of the first study were the same persons as the lessan underestimation of the ABPI can be neglected. A possible problem is a slight change of the zero experienced observers in the present study. From this, we may conclude that in the time period between point in the first minutes after resetting, due to the construction of the mercury reservoir. In repeated both studies the reproducibility of the measurement of the ABPI was quite stable over time within the pressure measurements, inadequate handling of the zero muddler may lead to greater variation. [11] [12] [13] same observers. This is of interest for the validity of the results of follow-up studies using changes in ABPI However, in our design we changed the zero point only twice each evening session and after every as endpoint.
14 From our studies on the reproducibility and validity change we let the manomoters rest for 10 min. Therefore, we may assume that the variation due to of the ABPI measurement, we conclude that the ABPI measurement is suitable for epidemiological, diagnostic the instrument was small and that independence of consecutive measurements was warranted. A possible and follow-up studies of patients with PAOD. The reported intra-and inter-observer SDs can also be used source of variance could be short-time biological variance in blood pressure in the patients.
in the planning of studies based on the ABPI. 15 In the setting of the general practitioner, the use of the ABPI Duplicate observations by two independent observers will reduce the SD by a factor of 1/82. Du-in diagnosing PAOD has been shown to be valid in a study in which the level of experience of the observers plicate observations by the same observer will only result in an appreciably smaller .. when the observations are was comparable with that in the present study. 16 It is important that ABPI measurements should be perindependent, i.e., when the observer is able to perform the repeat measurement unbiased by his/her knowledge formed by one or two assistants per group of 3000-4000 patients only in order to maintain a reasonable level of of the first. In the present (laboratory-scale) study this independence was achieved through the use of random-experience. The level of experience in measuring ABPI is of more importance than the decrease in reproducibility zero sphygmomanometers, but in larger studies this may not be feasible.
over the course of time.
